The primary objectives of this study were to determine how frequently knee magnetic resonance imaging (MRI) changes (1) diagnosis, (2) diagnostic confidence, and (3) management. A secondary objective was to correlate these changes with specific patient/ physician characteristics and develop a prediction model using these characteristics. Six orthopedic specialists prospectively completed surveys when ordering knee MRI (n=93). Pre-MRI surveys recorded history, symptoms, signs, diagnosis, diagnostic confidence, and planned management. Post-MRI surveys recorded diagnosis, confidence, and planned management. Changes in diagnosis, management, and diagnostic confidence were correlated with patient/physician characteristics using chi-square and logistic regression tests. A multiple variable model was created with the most significant variables from the univariate analysis, and a c-index was used for cross-validation. Magnetic resonance imaging changed diagnosis in 29.3% and management in 25.3% of cases. Confidence in diagnoses after MRI increased, on average, by 10.6%. Change in diagnosis was significantly correlated with lateral joint line pain (P=.012) and tenderness (P=.006). The 3 most significant predictors for change in management were ligament pathology (P=.017), medial-sided pain/tenderness (P=.051), and age (P=.133). A 3-variable model using these predictors was significantly better than chance alone at predicting management changes (c-index: model=0.766; cross-validation=0.661). Magnetic resonance imaging frequently changed diagnosis and management and improved diagnostic confidence in a large minority of patients with internal derangement of the knee, even after evaluation by subspecialized physicians. A statistical model using specific patient characteristics can be created to predict when MRI will change management.
O rdering knee magnetic resonance imaging (MRI) for the evaluation of internal derangement of the knee has become a routine practice and, in many cases, the de facto standard of care in the United States.
1 Although numerous studies over the past 2 decades have shown that MRI is a highly sensitive and specific test for diagnosing a variety of knee pathologies, including meniscal tears and ligament injuries, 2,3 the added value of MRI over clinical examination for the diagnosis and management of internal derangement of the knee is not as well established. A number of studies have demonstrated that preoperative knee MRI can reduce the number of surgeries, reveal unsuspected diagnoses, and improve diagnostic confidence, [4] [5] [6] [7] whereas other studies have demonstrated that preoperative MRI does not reduce the number of surgeries performed or affect patient outcomes, 8 does not significantly change diagnoses or alter treatment of patients being considered for orthopedic referral, 9 and is no better than clinical examination in the diagnosis of meniscal and anterior cruciate ligament (ACL) tears. 10 However, these studies were performed more than a decade ago or outside of the United States and do not reflect the current state of technology or practice patterns in this country. Despite the increasing use of knee MRI in the United States, there are no published data regarding the current value of this imaging modality to patient care.
Furthermore, there are no well-established or accepted rules regarding when a clinician should order knee MRI for internal derangement. The American College of Radiology publishes one of the most widely accepted guidelines for the appropriate use of imaging. However, the American College of Radiology appropriateness criteria for MRI of the knee in both traumatic and nontraumatic injuries are broad and nonspecific. 11, 12 For example, in the case of nontraumatic knee pain, MRI of the knee is rated with the highest appropriateness score if radiographs of the knee are normal or show a joint effusion and with the lowest appropriateness score if knee radiographs show degenerative arthritis. 11 The nonspecificity of these criteria does not provide much guidance to the ordering clinician. What is needed to improve the appropriate use of knee MRI is a set of rules, similar to the Ottawa ankle rules, 13 that would help clinicians decide when they should order a knee MRI; these rules should be based on patient demographics, clinical history, and/ or physical examination findings. However, there is currently a lack of evidence-based data to create these rules. Such rules are also used in proprietary decision support systems, but these systems are limited by the same lack of evidence-based data and rely in large part on a panel of experts to generate the rules. 14 This inconsistency in the published literature regarding the value of knee MRI and lack of specific evidence-based guidelines for when a knee MRI is most useful were the primary motivations for performing the current study. In this study, the primary objectives were to measure (1) the frequency with which MRI results change the ordering physician's primary diagnosis (aim 1); (2) the change in the ordering physician's diagnostic confidence after reviewing the MRI results (aim 2); and (3) the frequency with which MRI results change the ordering physician's plan for managing the case (aim 3). As a secondary objective, the authors also sought to determine whether any combinations of specific patient characteristics (eg, demographics, history, symptoms, and physical examination findings) and/or physician characteristics (ie, the subspecialty of the physician ordering the MRI) affected the frequency of change in the primary diagnosis and/or case management; these characteristics were then used to develop a prediction model.
Materials and Methods

Study Design
After this prospective case series was approved by the institutional review board, 3 orthopedic surgeons and 3 sports medicine physicians (M.H.J.) were recruited from a single multispecialty practice. These physicians completed a pre-MRI survey form (Table A , available at the end of the PDF of this article) when they ordered knee MRI studies. The pre-MRI form collected information regarding the patient's history, symptoms, and physical examination findings, as well as the physician's differential diagnosis, reason(s) for ordering MRI, and management plan if an MRI study could not be obtained. After reviewing the MRI results and radiology report, participating physicians completed a post-MRI survey form (Table B , available at the end of the PDF of this article). The post-MRI survey collected the same information as the pre-MRI survey and also asked about the usefulness of MRI for diagnosis and management. Clinicians did not have access to the pre-MRI survey while they were completing the post-MRI survey.
A sample size of 100 patients was planned to construct 95% confidence intervals (CI) of ±0.10 for the frequency of change in diagnosis and management. All patients for whom a pre-MRI survey form was completed for suspected internal derangement of the knee and who had an MRI study performed at the authors' institution were included in the study. Patients were excluded from the study if they did not return for a follow-up visit after an MRI study was ordered.
Statistical Methods
For aim 1, the frequency with which ordering physicians changed their primary diagnoses after seeing the MRI results was calculated. A 95% CI was constructed using asymptotic methods.
For aim 2, the ordering physicians' pre-MRI confidence level in the pre-MRI primary diagnosis was compared with the post-MRI confidence level in the post-MRI primary diagnosis. The difference in the confidence level pre-MRI vs post-MRI was estimated for each patient. The percent mean change was calculated as the change in length on a 7-cm-long confidence scale divided by the total length of the scale (7 cm) × 100; a 95% CI for the mean was constructed using a t-distribution for the pivotal statistic. The pre-MRI confidence levels for the subset of patients whose primary diagnosis was the same pre-and post-MRI were also compared with the confidence levels for the subset of patients whose primary diagnosis was changed after MRI using a 2-sample t test.
For aim 3, the frequency at which ordering physicians changed their management plans after seeing the MRI results was calculated. A 95% CI for the frequency of management changes was constructed using asymptotic methods.
For the secondary objective of determining whether the frequency of change in diagnosis or management was affected by the type of physician (orthopedic surgeon or sports medicine physician) ordering the MRI, patient characteristics (age, sex, cause of pain, duration of pain, and signs/symptoms), or physical examination findings (Table 1) , chi-square tests, Fisher exact tests, and logistic regression analyses were used. Holm's correction for multiple comparisons was used to control the family-wise error rate.
To build a prediction model for when MRI alters case management, several potential predictors (patient age, duration of symptoms, ligament pathology, meniscal pathology, patellofemoral disease, medial-sided pain, and lateral-sided pain) were tested, and the association between each potential predictor and outcome was evaluated with chi-square test, Fisher exact test, and logistic regression. Variables statistically significant at the 0.20 level were included in the multiple-variable modeling. The discrimination ability of the models was assessed by the c-index, which is a measure of discrimination (ie, model's discrimination between those whose management plan will be changed by MRI and those whose plan will not be changed) ranging in value from 0.0 (ie, the model incorrectly classifies) to 1.0 (ie, the model perfectly discriminates). The null value is 0.5, indicating that the model is no better than guessing. To assess how the models' performance would generalize to an independent data set, a leave-one-out cross-validation was performed. Adjusted P values less than .05 were considered statistically significant for all 3 aims.
results
From June 2010 to January 2011, ninety-nine patients were eligible for inclusion. Of these, 6 were excluded because of lack of follow-up, resulting in a total of 93 patients (48 women, 45 men). Mean patient age was 43±16.4 years (range, 14-82 years). The duration of symptoms was less than 1 month in 30 patients, 1 to 6 months in 30 patients, and greater than 6 months in 32 patients (data missing for 1 patient). The cause of the symptoms was trauma/ injury in 44 patients, no trauma/no injury in 37 patients, and unknown or missing in 12 patients. Orthopedic surgeons were involved in 54 cases, and sports medicine physicians were involved in 39 cases.
Aim 1
The frequency with which the ordering physician changed the primary diagnosis after seeing the MRI results was 29.3% (27 of 92) (95% CI, 20.0%-38.6%; information regarding the primary diagnosis missing for 1 patient) ( Table 2 ). The diagnoses that were most frequently changed were lateral meniscus tear in 8 (88.9%) of 9 patients and medial meniscus tear in 10 (23.3%) of 43 patients.
Aim 2
The ordering physicians' confidence levels in their primary diagnoses increased after MRI by an average of 10.6% (95% CI, 6.9%-14.3%, based on n=85; data missing for 8 patients). For the subset of patients whose primary diagnosis was the same after MRI, the physicians' confidence levels increased after MRI by an average of 8.7% (95% CI, 4.7%-12.7%, based on n=62; data missing for 3 patients). For the subset of patients whose primary diagnosis was changed after MRI, the physicians' confidence level in the new primary diagnosis increased after MRI by an average of 15.8% (95% CI, 6.9%-24.6%, based on n=23; data missing for 4 patients). For the same subset of patients whose primary diagnosis was changed after MRI, the physicians' confidence level in the old primary diagnosis decreased by an average of 61.9%, usually to 0 (65.4% went to 0 confidence) ( Table 3) .
For cases with no change in primary diagnosis after MRI, mean pre-MRI confidence level was 5.7 (n=63; data missing for 2 patients). For cases in which MRI changed the primary diagnosis, mean pre-MRI confidence level was 5.3 (n=26; data missing for 1 patient). This difference was not statistically significant (P=.195).
Aim 3
Magnetic resonance imaging changed management in 25.3% (23 of 91) of patients (95% CI, 16.4%-34.2%; data regarding management missing for 2 patients) ( Table 4) . Surgical management was changed to nonsurgical management in 3 (13.6%) of 22 patients. Nonsurgical management was changed to surgical management or referral to an orthopedic surgeon for surgery in 17 (32.7%) of 52 patients.
Of the 19 patients for whom surgery was planned both before and after MRI, 5 patients had a change in the specific type of surgical management after MRI was performed. Four of these changes were classified as major changes and 1 was classified as a minor change ( Table 5) .
Among the 34 patients for whom nonsurgical management was planned both before and after MRI, the specific type of nonsurgical management was changed (canceled or added) after MRI in 26 (76.5%) patients.
Secondary Objectives
In terms of specific patient and physician characteristics that affected the change in diagnosis, lateral joint line pain (adjusted P=.012) and lateral joint line tenderness (adjusted P=.006) were the only 2 variables that reached statistical significance using Holm's correction method ( Table  1) . A total of 60.9% (14 of 23) of patients with lateral joint line pain had a change in diagnosis after MRI, compared with 20.3% (12 of 59) of patients without lateral joint line pain (lateral joint line pain not assessed in 11 patients). Similarly, 57.1% (16 of 28) of patients with lateral joint line tenderness had a change in diagnosis after MRI, compared with 16.7% (10 of 60) of those without tenderness, and 1 patient with indeterminate tenderness had a change in diagnosis after MRI (lateral joint line tenderness not assessed in 4 patients). In patients with both lateral joint line pain and tenderness, 65% (13 of 20) had a change in diagnosis after MRI. None of the tested variables reached statistical significance for affecting the management plan ( Table 1) .
For the development of a model to predict a change in management as a result of MRI, the number of variables that could be included in the model was between 2 and 3 based on the number of patients in the study for whom management changed after MRI (23 patients). Univariate analysis of the predictors of change demonstrated that age, ligament pathology, and medial-sided pain were statistically significant (P<.20) ( Table  6) ; these factors were then used to build the multiple-variable model. Models were created with 2 and 3 variables ( Table 7) . If 2 variables (ligament pathology and medial-sided pain) were used in the model, the model predicted a change in management after MRI that was significantly better than chance alone (c-index=0.713), but the performance based on cross-validation was poor (c-index=0.541). If 3 variables (ligament pathology, medial-sided pain, and patient age) were used in the model, the model was even better at predicting a change in management (c-index=0.766, again significantly better than chance alone) with improved performance on cross-validation (c-index=0.608, marginally better than chance alone).
discussion
This study demonstrated that knee MRI frequently changes clinical diagnosis (approximately 30% of cases) and planned case management (approximately 25% of cases) while improving diagnostic confidence even when the clinical evaluation is performed by a highly subspecialized clinician (orthopedic surgeon or sports medicine physician). Magnetic resonance imaging directly obviated the need for surgery in 3 (14%) patients, significantly changed the type of surgery in approximately 20% of cases, and led to either surgery or consideration of surgery in one-third (33%) of patients who would have received nonsurgical management without MRI. Magnetic resonance imaging changed the diagnosis most often in patients with lateral joint line pain or tenderness for whom the primary diagnosis before MRI was a lateral meniscus tear. Based on these results, an evidence-based model using specific presenting symptoms and physical examination findings was created to better predict when MRI would result in a change in management.
These results are consistent with those from previously published studies, almost all of which were performed 10 to 20 years ago. Ruwe et al 4 and Bui-Mansfield et al 5 showed that a preoperative knee MRI study obviated the need for surgery in 51% and 42% of patients, respectively, reducing overall medical care costs. In a study of patients clinically diagnosed with a meniscal tear and scheduled for arthroscopy, Rangger et al 6 found that preoperative MRI showed no meniscal tear in 34% of patients and revealed unsuspected diagnoses in 32% of patients. In a randomized trial, Bryan et al 7 demonstrated that the use of MRI reduced the need for surgery in patients with chronic knee problems for whom surgery had been considered. Mackenzie et al 15 likewise found that MRI revealed a significant number of unsuspected diagnoses in patients presenting with knee problems and significantly improved the diagnostic confidence for the status of the menisci and ACL. Nikken et al 16 demonstrated that in the setting of acute knee injury, performing a limited MRI examination of the knee reduced the time to completion of the diagnostic workup, reduced the number of additional diagnostic procedures needed, and improved the patient's quality of life but did not produce a cost savings from a societal perspective.
Two more recent studies, both performed in the United Kingdom, have called into question the value of knee MRI. Bridgman et al 8 found that performing preoperative MRI did not reduce the number of surgeries performed or affect patient outcomes. The DAMASK (Direct Access to Magnetic Resonance Imaging: Assessment for Suspect Knees) Trial team showed that giving general practitioners access to MRI did not significantly change diagnoses or alter case management in patients for whom referral to an orthopedic specialist was being considered. 9 However, knee MRI significantly improved the practitioners' confidence in their decisions.
Other studies have also suggested that MRI does not add value when orthopedic specialists perform the clinical examination. Solomon et al 17 reviewed 23 published studies in which physical examination findings were correlated with surgery or MRI. The investigators found that although individual physical examination tests for ligament and meniscal tears did not have high sensitivity or specificity values, a composite physical examination performed by orthopedic physicians had high positive and negative predictive values for cruciate ligament tears but was less useful for meniscal tears. Kocabey et al 10 found no statistical difference between MRI and clinical examination in diagnosing medial or lateral meniscal tears or ACL tears; based on these results, the authors did not recommend routine ordering of MRI before examination by a welltrained orthopedic surgeon.
This discrepancy in the literature is also evident in the current study's results. Although this study showed that knee MRI changes the diagnosis and management in a significant number of patients presenting with internal derangement of the knee, the diagnosis and/or management did not change for the majority of patients. Furthermore, this relatively small rate of change occurred despite the fact that these patients were first evaluated by clinicians specializing in orthopedic surgery and sports medicine who felt, after a thorough examination, that MRI was indicated. This highlights the need for a set of guidelines to help clinicians decide when an MRI will be most useful. Although decision support systems are currently available to help guide when an imaging study is indicated, these systems are based mostly on the opinion of a panel of experts rather than on scientific data because of the current lack of evidencebased studies.
14 To the current authors' knowledge, this study is the first to create an evidence-based model that could help clinicians decide when to order a knee MRI study using patient-specific information. A model using 3 variables (ligament signs and symptoms, medial pain or tenderness, and patient age) was significantly better than chance alone at predicting when a change in management would occur based on MRI.
The limitations of the current study include a small sample size (93 patients) and small number of participating physicians (6) . The small sample limited the number of variables that could be included in the prediction model. A larger study is currently under way to refine the model. Another limitation of this study was a lack of clinical follow-up to ensure the accuracy of the MRI diagnosis. Although this is a limitation, many studies have previously shown the high accuracy of MRI for evaluating internal derangement in the knee. A meta-analysis of 29 studies from 1991 to 2000 found that the sensitivity and specificity of MRI for meniscal tears were 93% and 88%, respectively, for the medial meniscus and 79% and 96%, respectively, for the lateral meniscus. 3 This same analysis found that the sensitivity and specificity of MRI for cruciate ligament tears were each 94% for the ACL and 91% and 99%, respectively, for the PCL.
conclusion
Knee MRI is a valuable test that alters the diagnosis and management of knee disorders and improves the physician's confidence in the diagnosis in a small but significant subset of patients, even when a highly specialized physician performs the clinical evaluation. In particular, knee MRI should be strongly considered in patients who have lateral joint line pain or tenderness and in patients with a clinical diagnosis of a lateral meniscus tear. An evidence-based model using patient history, symptoms, and physical examination findings can be created to predict the likelihood of MRI to change patient management. Use of such a model may improve the use of knee MRI in patients with internal derangement. 
